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TECHNICAL MEMORANDUM NO. 776

A DISCUSSION OF THE SEVERAL TYPES OF
TWO- STROKE-CYCLE EWGINES*

By Herbert J. Venediger
- INTRODUCTION

The design of an eangine hinges upon the use to which
it .is put. Thus, the more diversified the demands made
on it, the more complicated its design and vice versa.
For four-stroke-cycle engines, the structural design is
comparatively clear and simple. Rxcepiing special designs,
the freedom of design is limited and the success of a de-
sign is more or less the result of careful planning and ar-
rangement of the individuwal parts, such as valve gear,
shape of combustion chamber, intike pipes, oiling system,
etce EBven the arrival of the long- and much-discusscd
single-~slecve valve which is to supersede the orthodox
poppct valve, would not cnlargc the scope of design freedom,
because it lies in the very nature of the four-stroke—~cycle
process that the development be limited or, to be more ex~
act, be in a definite direction.

Put for the two-stroke-cycle engine the conditions
are substantially otherwise. Here the value of a design
is judged in its totality rather than becing primarily gov—
erncd by the structural perfcction of its component parts,
which explains why it is of itself much more difficult to -
producc a scerviccable high~powered two-stroke-cycle engine.

. The three most important desigmn factors are: volume
of scavenge and charge delivery, scavenging process (scav-
enging result), and result of charge.

*"Plgnung und Aufbau schnellaufender Zweitaktmotoren.," Au-
tomobiltechnische Zeitschrift, October 10, 1934, pp. 495-
502; and October 25, 1934, ppe. 529-535.
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1. THE PRINCIPAL DESIGN FAGCTORS

The first of the cited factors, the "volume of scav-
enge and charge delivery," comprises, from the efflclency
point of view, the scavenge input Ag = Ve/Vn (Vn = piston

ton displacement, VS = volume of scavenging medium in-

ducted in cylinder), and the scavenge input power W (hpe)
for induction, compression, expulsion, and transfer of
scavenge medium as far as the exhaust passage. From the
structural and operational point of view the factor in-
cludes: the selection, arrangemcnt, and design of the
scavenger, the design of inlet, transfer and scavenge
ducts, the intake and exhaust Dorts or the diaphragms of
the compressor, ctce

The second fattor, the "scavenging process," concerns
in particular the quantitative and qualitative scavenging
efficiency mg and mg', that is, the ratio of inductcd

(V) to effective scavenging volume (V;) remaining in
the cyllnder and the purltv of the charge after accom—
plidhed scavenging Mg The operational part of this im-

portant factor 1nc1udes all processes within the cylinder:
during scavenging; first of all the gsecondary problem of
scavenging: the cooling of pistons, cylinders, spark plugs,
etc., in engines using fuel-air mixture for scavenging the
formation of condensation, the phenomena of backfiring in
the scavenger, etc,

The third factor, the "result of charge," comprises
"efficiency of charge! uth (= Vn/vh) and "condition of
charge"; that is, pressure, specific volume, temperature,

compression ratio, gquantity, and direction of motion (tur-
bulence, ctce.) of charge after consummated scavenging; thae
distribution of the fuel in the combustion air; and last-
ly, the important effect of the exhaust pipes on the proc-—
ess of charging and scavenging.

If it were possible to exactly comhbine all these de~
sign factors, their sum would give a criterion for the en-
gineering value of the engine. WNaturally, the number of
feasible two-stroke~cycle engines is extraordinarily large
because every one of the cited factors embodies a large
anumber of design possibilities.

We Dbegin with a brief discussion of the "scavenge re-
sult" factor. The multiplicity of scavenging methods SUE-
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gested up to the present time is great while, on the oth-
er hand, a -large number of these allegedly "original!
.scavenging processes may readily be.traced.to any one of
the following well~known principles: itransverse, reverse,
counter, uniflow, and eddy flow process and their combina-
tions.

The really practical scavenging methods, especially
suitable for high~speed carburetor engines, are as few as
the methods are numerous. This accounts for the widespread
use of the so-called "transverse scavenging process" with
specially designed pistons as late as 1932 in carburetor
engines. Not until then did the two-~stroke~cycle cnginc
design (DKW) switch to the superior "reverse scavenging
process" and specifically to the version where the scav-~
enge ducts arc substantially at both sides of the discharge
passage and the scavenging medlum is carriecd toward the
rear cylinder wall (v. Schnfirle's patents fos. 511102,
520834), after the writcr had poiantcd out in the early
part of 1932 the serious defects of the conventional trans-—
verse scavenging nethol and the superiority and applicabil-
ity, especially in the above version, of reverse scaveng-
ing in highe—speed carburetor engines, particularly with
crank-chamber pump (reference 1). ‘

Unguestionably, there are other methods adequate for
application to high-speed two-stroke-cycle engines, sone
of which are included in the report.

The third design factor, previously designated, for
short, "result of charge", comprises all measures intend-
ed to prevent the loss of scavenging or charge volume and
to assure the desired efficiency of charge (Vn/Vh =
nl' g 1), ©Dboost, or supercharge. In this category belongs
the investigation of phase diagrams and devices in the
scavenge, charge, boost, and ¢xhaust pipes, the design of
back pistons, U double piston, U-cylinder, and slide-valve
engines; lastly, the investigation of the charging, boost-
ing, and supercharging processes and the behavior of the
charge up to firing. It is obvious that the struectural
pOSSibilities for obtaining a predetermined phase diagram
or coertain charge efficiency, are extremely great.

The design possibilities afforded from the divers
scavenging processes and the numerous charging methods are
further enhanced through the possibilities hidden in the
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factor "volume of charge and scavenge delivery." This fac-
tor is of prime importance from the design point of view
and implicitly governs the wvalue, purpose, and construc—
tion, according as the requircments stipulate. o

2. SCAVEJGE AWD CHARGE-DELIVERY VOLUME

The following arrangements come into guestion:

a) The design of the crank chamber of each working
cylinder as crank-chamber scavenge pump (abbreviated ZX).

b) Arrangement of auxiliary suction piston (for
short, HK) linked to the working connecting rod, support-
ing with its lower side the suction effect of KX.

¢) Arrangement of single (or double) acting piston--
charge punmp (KP) with exhausted crank chanber.

‘d) Arrangement of rotary scavenge and charge pump
(RP) (rotary vane-type supercharger, Roots Dblower, etc.).

e) Combination a + ¢ : KP + KK.
f) Combination a + 4 : RP + KK.

g) Design of working piston as differential or
stepped piston (abbreviated SX) with crank-chamber pump.

h) Design of working piston as stepped piston, whose
upper side opcrates when the crank chamber is exhausted
(limitcd to multicylinder engincs).

i) Combination g + h : arrangement of stepped pié-
ton with top and bottom suction(limited to multicylinder
cagincs).,

.

k) All combinations o0f a to i.

The combination of these chicf possibilities in scav-
cnging with the existing, particularly compctent secaveage
methods or charge, boost, and sunercharge arrangements.
already affords several hundred kinds of two~stroke-cycle
designs. Only a few of thesc actwally "lead to Rome", and
because this fact had been previously overlooked and is
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even today gquite frequently disregarded, it has done great
damage to the development of the two~stroke—cyc1e engine,
“has brought one espec1a11y useful principle into disrepute,
"and stamped it with the stamp of inferiority. .The merito-
rious attempts of individuals - foremost among which is

I. S. Ragmussen - form a glorious chapter in the history

of englne research.

The investigation hereinafter treats the design pos~
sibilities from the concrete case of size and number of
cylinders rather than from the cited viewpoints enumerated
under a to kX, although in the summary the other way 1is
chosen. The combinations g to i were included for rea-
sons of completeness, even though the stepped piston is,
for the time being, without the scope of the problem, es-
pecially as concerns the high-speed engines (operating at
3,000 to 3,500 r.pe.m.,) under discussion.

3. SINGLE-CYLINDER ENGINES

a) Crank-Chamber 8cavenge Pump

This very s1mp1e and inexpensive version of the two-
.stroke—~cycle engine is manufactured by the thousands as
carburetor and diesel engine. Scavenge input Ag and vol-

umetric efficiency of crank-chamber pump t; are identi-

cals, Although the "clearance volume" of KK amounts to ap-
proximately 2.0 to 2.5 Vy, the volumetric efficiency is
noteworthy and much higher than previously presumed or
calculated, This fact is intimately connected with the
vibration phenomena observed in the exhaust pipes, accord-
ing to latest researches.* With correctly designed ports,

*H, Kadenacy in Suresnes (Scine), on the basis of these
occurrences, believes to be able to eliminate the XK al-
together by fitting return flaps in the exhaust line (Lat-
est version of swirl-producing inserts) and to leave the
induction of the fresh gas solely to the vibrating exhaust
column. (Compare German Patents Nos. 550283 (1927) and
550595 (1929)., Waturally such work only at special r.pe.m.
(1,200 to 1,500) synchronized with the exhaust vibration,
and are practically without significance despite the alleg-
edly obtained bem.e.p. of 6 to 7 g/ cm? and specific fuel
consumption of from 180 to 200 g/np./hr.. :
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a maximum #61umetfickefficiency of from 0.60 fofO,?O is
within the realm of possibility with the present—day r.p.m.
~and scavenging pressures of from 1.35 to 1,40 atm.

. The vitally important quantitative scavenge efficiency
Ng-. 18 greatly affected by the scavenging method. With
transverse scavenging, it ranges from 0.70 to 0.75; with re-
verse scavenging and scavenge ports fitted at both sides of
the discharge passage, it amounts to 0,80 to 0,85, that is,
a charge efficiency of my' = Ay mg = 0.45%t6 0.48 for the

engine with transverse and mg = 0.52 to 0.55 for the en-

gine employihg'thé reverse scavenge process. The latter
thus promises approximately 10 percent higher efficiency,
as borne out in practice; the specific fuel consumption it-
self drops in the same measure. The qualitative scavenge
efficiency m_ ' 1lies between 0,65 and 0.75 or, in other
words, the charge is noticeadbly polluted,

Figure 1 illustrates the results with wmodern single-
cylinder crank-chamber carburetor engincs of from 100 to
350 cm® gswept volume and reverse scavenging. The maximun
mean cffective pressures p, arec, as already pointed out,

obtainecd with cylinders of approximately 200 cm® displace-
ment, and the specific power output drops when this linit
is appreciably deviated from either upward or dowaward.
Today's maxinum is around 4.1 kg/cm?. The remarkadble fea-
ture is its position at 3,000 rep.m. {curves 175 and 200).
According to this, the best liteor performance today lies
at 32 horsepower at 4,000 r.pem., and the worst (100 cm?3)
at around 21 horscpower. The best specific fuel consunp-
tion b, 1is 380 g/hp./hr. (curve 200), and the poorest
about 4230 g/hp./hr. (300 cm® onginc); hoth figurcs repre—
scnt the optimum of the curves., But ags alrcady pointed
out, these relatively high specific fuel consumptions of
the torgque stand, in thoemsclves are misleading because the
fuel consumption per mile is not -inappreciadbly more bene-
ficial, .since the enginc opcrates under more favorabdle
conditions (throttle sectting, lower scavenge pressurc).

4 comparison of previows publications (reference 2)
on the performance data of high-speed two-stroke-cycle
carburetor engines with transverse scavenging (see fig. 6,
curve XKX), reveals a rise of from 3.5 to 3.7 kg/cm2 to
around 4 kg/cm2 in mean effective. pressure, and a drop of
from 500 to 400 g/hp./hr. in specific fuel consumption.
Further improvements in mean pressures of 4.5 kg/cmz and .
consumptions of about 350 g/hp./hr, may be expected.
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One important fact needs to be stressed, namely, that
the crank-chamber engine affords greater frcedom of choice
of scavenge method than any other type. There is no dif-
ficulty in mounting the. scavenge ducts either opposite. or
at either side or between or. below the outflow passages.
Adequate flow conditions can always be realized, which is
not always the case with other scavenge systems as will be
shown elsewhere in the report. Conseguently, the crank-
chamber engine is, coantrary to widespread opinion, not an
inferior but rather an extraordinarily organic solution
offering great freedom, which may even be called perfect.
if it succeeds in removing its chief drawbacks: defective
control possibility and poor idling. And the solution of
these problems, which at the same time wowvld raiss the
torgue in the lower r.pe.m, range, constitutes today the
real problem of the crank-chamber cnginse.

b)'Auxiliary Suction Piston (HK) Linked to

Working Connecting Rod

This widely used method is shown in figures 3 and 4.
Figure 4 is the phase diagram of the system figure 3, the
opposed auxiliary piston being mounted equiaxially. To
_assure complete exhaustion of KK, the cranks of both pis-
tons are set for total scavenge crank aangle 2@g (as a
rule about 120°) rather than at 180°. Tne auxiliary pis-
ton crank leads by 2¢@g, hence lags 180° plus @g. Since
the auxiliary piston must be as light as possible, the
frce mass forees are in reality not balanced in any of the
designed ongines even though it is possible to do so.

In the system figure 2, the delivery volume increases
with decreasing angle §; the method (fig., 2) in which the
axis of the auxiliary suction piston does not pass through
the center of the crankshaft which makns the reduction in
angle § possible, is patented by Schutte-Tanz (1919) =

German Patent 330601x* It is especially preferred in,
small diesel engines. Of course, the upper side of the
auxiliary piston is equally usable and nay be uced as
booster pump, for example - (Patent 468646, Schntirie, 1925).
While an excessive scavenge input scrves no useful purpose
in diesel engines, 1t is even more useless in the carburet-
or engine which uses the air~fuel mixture for scavenging.

* The x denotes that the patent has expired.
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Above a certain bore.of the auxiliary piston, no further
rise in power output may be expected, whereas the fuel
consumption increases abnormally unless a so-called asym—
metrical phase diagram is provided (34 design factor: re-
'sult of charge), as illustrated in figure 15 for a so-
"called U-cylinder whose exhaust ports close more or less
before the scavenging ports. ‘ '

The connection between scavenge input and efficiency
of charge mg' on the one hand, and the scavenging effi-
ciency mg and my' on the other, is shown in figure 5
for engines with the usual symmetrical phase diagram. It
refers to a reversal flow-type engine, with the usual 1,0

to 125 stroke ratios. The charging range to ks = 0,70

is covered by the usual crank-chamber engine (XX), while
%s may vary between 0,5 and 0.7 depending on the engine
structure. Above that range the XX engine with auxiliary
piston (HX) and the two~gstroke~cycle engine without crank
chamber ovut with piston—charge punp (KP) comes into gues~
tion. The range of tho rotary-pump engine (RP) properly
begins at least at A, = 1.6 Dbecause the size of the pis-
ton-charge pumps would be excessive. Figure 5 refers to "
the effective scavenge ‘input hsi* not to the theoretical

ASO, which is merely defined by the dimensions of piston-

charge pumps and rotary pumps, and which multiplied by
efficiency mny, give the effective Ag e
P
Figure 5 manifests only a minor improvement in the de-
gree of purity of cylinder charge ng' at Ag = 1.6,

where the residual gases still amount to around 7 percent
parts by volume, For this reason an effective scavenge
input above Ag = 1.2 automatically eliminates the high-
powered carburetor engine which rather needs residual
gascs to prevent detonating combustion. From here on the
shape of the curves in figure 5 concerns only high-speecd
diescl (and carburctor racing) engines, especially those
with pressure injection, in which the air input is largely
governed by the fuel distribution as, for instance, the
Junkers with %so = 2.4. The charge efficlency mq'

practically ceases to increase above A = l.8. Complete
filling of stroke volume as well as perfect purity of the

*Generally referred to the usual operating r.p.ms of 3,000
in sport, and 4,000 in racing engines.,
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fresh charge, would necessitate infinitely great scavenge
input. TFor this reason none of the scavenging methods
ingsures a complete-scavenging.

In sport or racing enginces the theoretical displace-
ment of the linked auxiliary piston is chosen at approxi-
mately 1.0 to 1.25; Vy- of the working piston and the

clearance volume of KK at approximately 4.0 V. With

symmetrical phase diagram and competent scavenge method,
Ag then lies at 1.0 to 1.1 for the necessarily high ports,

so that in the extreme case (engines prepared for racing),
a bemse.ps 0of 7.7 kg/cm® (3,500 r.pem.) and an output per
liter of approximately 65 hp., is obtainable (fig. 6).

For comparison with this racing eagine, we included the
data for a slightly older KX engices. Poth employ trans-—
verse scavenging with deflector. Matuwrally, the fuel con-
sumption of the EX engine is much higher and amounts, in
the particular case, to about 35 liters/100 km/1 liter
stroke volume,

To assure high suction efficiency the stroke of the
auxiliary piston is made considerzdly less than the bore;
for example, Dy = 2S5y, Sy = 0.6 to 0.7 s (where g =

stroke of working piston). The very high fuel consumption
of such high—~powered engines is in part necessary in or-
der to eep the extraordinary heat development, which as-
sures reliability, within bounds. With asymmetrical phase
diagram (U-cylinder, for instance), the charge efficiency
for equal scavenge input is not inappreciab:y higher, so
that here an oubtput per liter of from 85 to 100 hp. up to
5,000 r.pem. may be obtained with careful design of all
details,

Other than for racing, for which figures 3 and 15
have proved excellent (DXW), two-stroke-cycle engines
with auxiliary piston are chiefly employed for sport ve-
hicles. An output per liter of 40 hp. is readily attain-
able with Ag = ~ 0.9. It also affords the advantage of
utilizing the favorable high r.p.m. for the purpose of
avoiding high scavenge losses, since the free mags forces
can be balaanced., Admittedly, the type shown in figure 156
is fairly expovnsive,
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¢) Piston-Charge Pump (EP) Arrangement '

If the crank chamber is to be free from pressure -~
say, in order to be able to operate without mixture lubri-
cation - the system of a piston-charge pump arranged equi-
axially, rectangularly, or obliguely %o the working piston
is nertinent (figs. 7 and 8), Figures 9 and 10 show the
most appropriate phase diagram for it. Arranged axially
parallel, the pump crank leads at least through angle 204,
and lzgs for the same amount in the rectangular arrange-
ment, These arrangements constitutc, in peint of fact,

he prototype of the two-stroke~cycle engine and may be
traced in principle as for back as 1838, where Willian
Barnett in British patent No., 7615, proposed to precom-
press gas and air in sceparatec cylindcrs and theon to ignite
the nixturec in a common cylindcr aftcr slight compression
by mecans of an incondescent platinum sponge.

Figures 7 and 8, whilc without the scope of singlc-—-
cylinder cardurctor cengincs, arc so cxtengively employced
in single=cylindcr compression-ignition cngincs becausc IXK
is here climinated and the types shown in figurcs 7 and 8,
despite various advantages, are not substantially morc ox—

pensive than those illustrated in figures 2 and 3.

The type, figure 8, appcars to have hoen first sug-
gested in Dobbins' U.S. patent Ho. 895928°(1908); the
crank of the charging pump is alrecady designcd as eccen-
tric. Burinctt's U.S. patent Ho. 1475426 (1923), is o
version with U~cylindcrs and obliguely fitted charge pump,
while the rectangular arrargement and U~cylinder are citcd
in Chenard and Walker's French patent No, 611482 (1926)
and Ltller's Czechoslovakian patent No. 27428%  (1926).
Finally, a special form of linkage of pump piston is given
in Deutz's Austrian patent No, 117720 (1927). Hver with
the charging pump the advantages, at least with mixture
distribution, are only fully realizable with asymmetrical
phase diagram, as exemplified in figure 21,

The permissible theoretical scavenge input Agyq for
carburetor engines with symmetrical phase diagram in nor-
mal operation, lies between 1.0 and 1.20. These figures
give, at 3,000 repe.n. and for a suction efficiency of
charge pump of approximately 0.65, an effective Ag, of
from 0,85 to 0,80, and accerdingly in figure 5, a charge
efficiency of approximately 0.60. About 25 percent of the

*The x denotes that the patent has expired.
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scavenging medium is lost, so that theoretically, the spe-
cific fuel consumption of such engines must be correspond-
Cingly Highér than that of four-stroke-cycle engines. With
corresponding unsymmetrical phase diagram (for example, ex-
haust opens 25° before and closes 20 to 25° bpefore inlet),
Ag, may assume values as high as 1.5, as proved in figure

25, In order to obtain a high-suction efficiency, one
prefers a 2:1 to 1l.5:1 bore/stroke ratio of the charg-—
ing piston, and at the same time employs membrane valves
as in figure 8, or membrane valves and suction ports, in
conjunction.

Junkers' engine (fig. 11) represents a special ver-
sion of the equiaxial piston-charge prump. The four prin-
cipal factors: unsymmetrical phase diagram, excellent
scavenging, minimum bulk of scavenger, and free mass bal-
ance are very ingeniously combined. Uafortunately, this
type does not lend itself to speeds above 2,000 r.p.m. in
the arrangement shown in figure 11, because of the ex-
tremely oscillating and vibrating masses, except for the
version of the still more expensive twin-shaft aircraft
engine. )

d) Rotary Scavenge Pump (RP) Arrangement

Its principle is illustrated in figure 12. It corre-
sponds to Poyet's German patent No. 276783x*§1913), and to
the still older patent of Zoller, Wo. 2581737 (1910), as
well as to all of his expired patents of this kind which,
in the majority, call for the impossible arrangement of a
flywheel rotary vane-type supercharger, as in the German
patent Fo. 363856%F (1918), for instance.

Since the delivery of the rotary compressor is con-
tinuwous while the scavenging duct is open only for a third
of the rotation, the arrangement concerns only multicylin-
der engines (at least two cylinders), or else undesirable
pressure~balance tanks must be provided. Ior this reason
the deisgn - in itself, original - of the flywheel disks,
as rotor of the rotary vane supercharger whose casin§
forms its crankcase (see Zoller's patent No. 495997%% (1923)),
is of no-practical wvalue.  As concerns the volumetric, me-
chanical, and other characteristics of high—speed rotary
vane-type displacement blowers, the reader is referred to
a previous report (reference 3).

¥ The =x denotes that the patent has expired.




12 F.A.C.A. Teochnical illcrorandum o« 776
e) and f) XP + XX and RP + KX Combinations

These combinations have not been tricd as yet. The
"first does not even seem to have been proposed in the 1lit-
erature, while the latter combination ~ rotary vane~type
supercharger with crank-chamber pump - is found in Zoller's
patent Mo. 504909%* (1923). For apparent reasons these
combinations have no practical significance, These de-
signs obviously stipulate only symmetrical phase diagrams
in diesel engines.

g) Stepped Pistons with Crank-Chamber Pump (SK)

Offsetting the piston, as in figure 13, ameliorates
the volumetric efficiency of the crank-~chamber pump because
the clearance volume is substantiazlly defincd Dby the pig-
ton strolte. 3ut, since the steppced part of the piston with
its grcater borec neecds to be very long in order that its
upper cdge ray overlar the inlet passage at bottom center,
the piston becomes very heavy and the over-all holight of
the engine, cexcessive. To utilize the upper sidec of the
step, it cven has becn gsuggested to allow air to be induct-
ed through it which, at the cxact moment, would be trans-—
portcd to the scavonging port in order to commonce scaveng-
ing with air instecad of with the fuel~a1r mixture (refor-—
cnce 1l).

h) Stepped Piston Inducting Air at Upper Side

This system is applicable only to multicylinder cn-
gines since, owing to the phase lag between the.exhaust
period of the stepped cylinder and tho scavenge period of
the working cylinder, one cylinder must charge the other
as illustrated in figure 26, As concerns the bottom side
of the stepped piston, the conditions are the same as dis-
cussed under g) for the upper side.

i) Double-Acting Stepped Piston

Here tlhe arguments adduced under h) are applicable.
The bottom side of the piston would charge its own; the
top, the adjacent ecylinder. ZEven a minor enlargement as-

*The x denotes that the patent has expired.
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sureés a high scavenge input, so that this type is particu~
larly suited for air compress1ng, even h1gh~speed engines.

A novel type developed by the writer, suitable for
high r.p.n., is to be discussed at the correct time.

4, TWO-CYLINDER ENGINES

a) Here the KK-type is also most promineht, as exen-
plified in the simple, inexpensive, and rcliable DXW
front-drive automobile. -

The:drawbaclk of the usual KK engine is that the mass
forces are balanced only to the first order, and the ap-
pearance of a free upsetting moment governed by forces of
first order together with - as a rule - relatively low
critical r.pem. This makes it difficult to find a satis-
factory suspension. TLastly, it has a vitiating no~load
speed. All other types with 180° crank setting allow a
very simple design and installation of additional charging
devices.

b) Thus the KX engine with auxiliary piston needs on-
ly one auxiliary iatake Dlston because, according to
Schnurle's patent No. 471079%* (1924), its upper and lower
sides aid in the suction and the supercharge (fig. 14).
*The phase diagram (fig. 4) remains unchanged. With ade~
quately designed auxiliary piston, the power output which
may be obtained is significant, accordinzg to the KX-HX
curves 1n figure 6., They may even be raised consideradly
higher when an unsymmetrical phase diagram is chosen,
(Sce fig. 15.) Figure 14 corresponds to the old, figure
15 to the modern, DKW racing engine. «

c) EP engines afford a short but not simple design
when both sides of the charge pump are utilized. The pump
‘may be mounted on the end (fig. 16) or in the center (fig.
17). The former system engenders unevenly long scavenge-
ducts with their vitiating consequences (in volumetric ef-
ficiency, cylinder charge), which must be neutralized
through different pump-chamber clearances. A further draw-
back is the uneven slope of the pipes - one upward, the
other downward; this may easily produce different inlet
conditions for-the scavenge medium in thé working cylin-
ders. It may even make the use of many scavenge methods
problcmatical, as detailed in scction 6.

*Tho x denotus that the patent has cxpired.
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Fitting the working cylinders on either side of the
charge pump assures scavongoe ducts of approximately even
length dbut it does not remove the height discrcepancies
nor. the uneven inlect conditions. Aside from that, the
manufacturing difficultiecs in the construction and instal-
lation arec also considerable.

All these drawbacks, and in addition the free upset-
ting moment of the types with double-acting charge pump,
are voided in the design of figure 18 which (with regard
to the phase diagram, fig. 9), gives a fairly exact pic-
ture of a fully symmetrical four-stroke 4-cylinder crank-
shaft. With adequate dimensions of piston and piston
stroke, the mass moments can almost be eliminated while at
the same time assuring perfectly equal charge and flow
conditions in each charging and working cylinder. It rep-
resents the best two~siroke-cycle 2-cylinder engine with
charge_pump. It corresponds to RHingwald's patent No.
485889%%(1924). Superior, from the point of view of

-

charge, to the type iliustrated in figure 18 with the
scavenge ports on either side of the discharge passage, 1is
the type with reverse scavenging - the scaveage ports fit-
ting between the two discharge passages - that is, facing
the pump cylinders, as it affords the minimum possible
pump-space clearance, exactly as for the engine employing
transverse scavengiag.

With charging cranks designed as eccentric, the rec-
tangular or obligue charge-pump arrangement affords a very
compact design, as illustrated in figures 19 and 20 where,
for the sake of clearness, we show cranks instead of ec-
centric disks.  Mounting two such single—cylinder assem—
blies side by side would afford an engine with high free
forces and upsetting moments.s This defect 1s surprising-
ly removed when the charging cylinder is mounted so as to
be separate. from its corresponding working cylinder by
the other working cylinders, and the charge—~pump delivery
is crosswise as indicated in figure 20, This method, pat-
ented by Ringwald (Wo. 467676 (1924)) for diesel engines,
has been kanown for some time on carburetor engines as, for
example, through U.S. patent No. 1623391 of Burtnett (1925),
and the Appleton engine of 1918, in which the charging cyl-
inders were set obliguely.

-In the arrangement figure 19 the scavenge-pressure
lines may be freely shifted so as to assure high scaveng-
ing even without specially designed piston crown.

*The x denotes that the patent has expired,
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As the mounting of a charging pump in nixture com-
pressing engines with symmetrical phase diagram, is a
problematical matter even with the best scavenge method -

" at least with the scavenge inputs justifying a special

charging device - it is no wonder that - apparently lacking
other reliable designs ~ most patents refer to the combina-
tion of U-cylinder and charge pump as illustrated in fig-
ure 21, But the mass forces of such a high-spced engine
are so great, cven if in the form shown in figure 20, as to
make smooth running practically impossible.

It suggests the design of the so-called Y"end-~to-—-end"
or "voxer" engine, the most simple and inexpensive ver51on
of which corresponds to the German patent Fo. 485889%
shown in figure 22 but which is inferior to the in~line
engine (fig. 18), because of its high free forces and up-
setting moments. These drawbacks do not exist in the de-
sign (fig. 23) where the mass forces are practically elim~
inated and the longitudinal upsetting moments are reduced
to tolerable amount. Of course, such an engine is congid-
erably heavier and more expensive than that shown in figure
22, where it is equally possible to use U~cylinders as
shown in figure 24, in cross section through a separately
acting charge and working cylinders.

Figure 25 shows the b.m.e.p. (pg) 1liter performance

Ny, and specific fuel consumption b, obtained with 2-

cylinder KK engines and two U-cylinder type engines with
piston-charge pump and rotary pump (rotary vane-type com-
pressor) corresponding to figures 20 and 21,

The KK engine gives, as in figure 1, a maxinmum
bemeceps 0f approximately 4,0 kg/cm®, the U~cylinder en-
gine with ¥P, a p_ = 5.3 kg/cm®, while the U-engine with
rotary vane-~type compressor (U-RP) gives P, = 5.75 kg/cem?,
In both U-type engines the theoretical scavenge input
amounted to Kso = 1,5, Owing to the strongly increasing
volunmetric efficiency of the rotary vane-~type compressor
beginning at 1,500 r.p.me.. the torque of the U-RP type en~-

gine remains almost constant between 1,500 and 3,500 r.p.m.,
in contrast to its normal behavior in the XX and U-=KP tyve

_engines. A glance at -the Pe and Db, curves reveals the
superiority of the U~XKP over the U-RP engine; admittedly,

above 3,000 r.pems, the power output of the piston-pump
engine increases very little.

* The x denotes that the patent has expired.
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Wo particular importance attaching to. the combination
d-f, nor to tle Junkers engine in figure. 11, which may be
assembled in any number of cylinders, we proceed to combi~
nation g-i.. The only version of this gseems to be that
shown in figure 26. Here cne cylinder charges the other,
although very unfavorably, because the cranks need to be
set at 180 , which makes it impossible to realize the cor-
rect phase diagram (fig. 9). The pressure stroke of the
charging piston has already ended when the scavenge ports
of the other cylinder are fully opened. Conseqguently, on
the down stroke the charging piston re-inducts part of the
fresh charge. The stepped piston must be long enough to
overlap the inlet passage E at top center; otherwise, it
would £ill the cranV chamber. In the 1 combination,
this is very necessary, as a result ¢f which the stepped
piston may bs substantially shorter. Such an cnginc 1s
therefore well suitadle for higher ropaeile

The design embodied in figure 26 is very old and well
known as the Lutin or Coté engine, and Boer engine.

Another version is shown in figure 27. Here a U en-
gine with cylinders showing the scavenge ports is fitted
with a sterped pistorn whose upper side is inductive, so
that there must bYe Iwo mutually serving U-cylinders, as
. in figure 26, which are, in the known manner, placed ob-
liquely .to the axis of the crankshaft. Naturally, the new
combination i1 i1s here also preferable,

5. THREZ-CYLIWDER ENGINES

~

Since 0dd pumbers of ecylinders p“ec*ude the use of
double-acting auxiliary pistons and caarging pumps, the
3-cylinder engine is restricted to comparatively few de-
sign types.

a) One simple and very serviceable type here is the
in-=line crank-chamber engine receatly intrcduced in Eng-
land by the Scott company. Since such engincs manifcst no
frcec mass forces (oalance up to fourth order) and the fre
upqpttlng moment with floatlar suspension (not necessarllv
Ghrysler's "floating powor") is not abnormally disturbed,
aside from having an excellent torgue ‘and unlimited free-
dom of choice in the tyne of scavenge 'process as well as
in the arrangement of the exhaust and scavenge poris, tais
type of design was to be primarily used in sizes of 0.7 to
le2 liter swept volume for automobile and aircraft engines.
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b) The 2-cylinder engine with auxiliary piston is
practlcally ruled out because it requires threée auxlllary
pistons, 'dand so"does” ¢) with its three single=~acting .
charging-pump cylinders. Contrariwise, the arrangement d)
of a rotary vane-type compressor is of interest because
the charging periods of the *hree cyllnders themse;ves are
in consecutive order.

In contrast to the 2—cylin&er, stepped piston-type
engine of figure 26, the scavenging and charging in the 3-
cylinder engine (fxg. 28) takes place exactly in pbase,
thus reallzlng the optinmum phase diagram according to fig-
ure 9, because the total scavenge angle 29y is around
120°; that is, it agrees with the crank setting. The cyl-
inders are mutually charged as shown in figure 28, with
the noticeable drawback of one scavenge lince being much
longer than the other two. This renders a uniform charge
of ‘the cylinders difficult. In principle, ol course, the
statement made about thie arrangemcnt figure 26, applies
hore also. The arrangement figure 28, may be applied to a
radial engine without the specific disadvantages, as seen
from figure 29, This is the welleknova Lavistor design,
of many years starding. An engine of thisg Xxind, built nore
than fifteen years ago, is said to have weighed ounly about
64 kg (141.096 1b.) with a 50 horsepower output.

8. FOUR-CYLINDER ENGINZS

Starting with this number of cylinders the principal
difficulties in design make themsclves Telt. Perhaps the
chief advantage accruing from the use of few cylinders,
iees, rapld-firing sequence, leads - exzcept for the crank-
chamber rotary pump or Junkers system - to unnecessarily
long, and only partially symmetrical crankshafts, diffi-
cult to balance as welli as to complicated pressure llnes,
hence guestionable scavenging, etc,

a) As to the KX engine, of the three possible partial-
ly symmetrical shafts and six flring sequences (figs. 30-
32), only the crank design (fig. 30) is of interest because
of its lowest mass moments from: the rotating and oscillating
masses; 1ts firing order is 1423 or "1324. ~Admittedly, all
three crankshaft designs are free from mass forces of the
second order, but in spitc of that, the rotation of shaft
(fig. 30) is not as smooth as that of the four-throw shaft
which, although afflicted with free mass forces of the sgec~
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ondwbrdér,‘is nevertheless fullv synmetrical and free from

‘upsetting moments The two-stroke-cycle in-line engine is

therefore out of the guestion without floating suspension,
at any.rate less than the four-stroke-cycle engine. Each

.snaft design requires flve carefully sealed-in main bear-

1ggd_whlch in itself not abanormally difficult to accom-
plish, leads to an undesirable condition. These are the
maln reasons why no attempt has been made herectofore at

manufacturing on a quantity basis in-line KK engines of

litér/performance of around 25 hp. at 3,000 r.peme.

‘ b) The arrangement of no more than two double~acting
auxiliary pistons involves - much more than with four aux-

iliary pistons (as, for example, Steiger-Gockerell patent

No. 534252 (1930) proposed) - an enormous expense, even if
uscd for special purposes (high-performance cngine).

¢) The single~acting charge pumps being, for ostensi-
ble reasons, out of the question*, the in-~line type gives
at least six crank throws, either in the sequence AAPPAA
and PAAAAP or APAAPA (A = working cyliander, P = double-
acting charging cylinder), as may be deduced from figures
16 and 17, Obviously, such crankshafts having poor bal-
ance and involving abnormal structural length, are to be
rejected, with the result that the development leaned to-
ward the V-type according to figures 18 and 17. (Sce also
Paffrath's patent No. 515493 (1930) (07p1red).) A version
of this type, in aggregations according to figure 16, is
the high-speed two-stroke-cycle design of figures 33-35,
which represents the well-known 1,000 cm® DKW eungine of
the "special® and "floating" types. PFigure 35 is a cross
section of the double—acting charging cylinder. The 90°
setting of tae four cyllnders with pistons working from
two throws set at 180°, whkich would insure adequate mass-
momecnt balance, is dissurb.od by the throw of the charg-
ing pump sc that the shaft is not altogether without some
upsetting moment and must be balanced accordingly to a
reasonable, mean value. Even so, the short shaft is re-
markably free from critical r.p.ms Taken as a whole, it
represents a very useful, compact, 4-cylinder design, with
uniform firing sequence which, however, like all V engines,

*Sec Berthaud's Froeonch patent Mo. 413126 (1910) (cexpired),
with its 4~cylinder, in-linc ecungine and two single—acting
charge-pump cylinders arranged in V shape on both sides.
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. is expensive to manufacture and requires a number of spe-
cial tools and equipment. ‘ o :

The tse of U~cylinders (fig. 36), which really Jjus-
tify the expense of the charging cylinder since they as-
sure high scavenge input, leads here to conditions which
are not mechanically coantrollable. Whercas a complete mo-
ment balance is already difficult with ordinary working
eylinders, it becomes practically impossible with the twin-
piston arrangement. It. is barely possible to balance the
rotating masses, let alone the oscillating pistons acting
on one single crank. &Even the use of a rotary compressor
which does not disturb the balance, leaves one mass moment
rotating with crankshaft speed which shakes the engine
back and forth. The result is, as with all V engines, com—
pulsory floating suspension because, even with perfect mo-
ment balance, free, horizontal forces still remain %o act
in planes perpendicular to the shaft axis and tend to
shift the engine back and forth in the four-stroke cycle
of the revolution speed.

The results with an eangine conformable to figures 33-
35 (curves XP) and those with a 4-cylinder V type accord-
ing to figure 36 with rotary vane~type compressor arranged
front to front (curves U-RP) are compared in figure 37.
The theoretical scavenge input of the KP engine 1is approxi-
mately KSO = 1,0 (the effective Ag at 3,000 re.p.m. is
about 0.85) against kSO = 1.5 and Ag = 1.0 for the
U-RP engine, corresponding to the propitious efficiency
curve of the rotary vane-type compressor at high r.p.i,
The ©Pe curves show that the mean effective pressure is
almost the same as the Agg values. The specific fuel

cousumption of the U-RP engine, althouzh much beiter as a
result of the unsymmetrical phase diagram, is far from
satisfactory for the reason that such 1itex/performance
must closely approach that of the 4~cylinder engine if the
operation is to be economical. This, however, is not pos-
sible with the mixture-type engines in spite of the unsym-
metrical phase diagram because the scavengiag pressure is
high and the input power of the rotary vane-type compres-
sor, considerable. In racing engincs this is of no sig-
nificanco, whereas the excessive hecat loading is; our mod-
eran fuels arc inadequate to cope with it. Thus the highly
svpercharged, reliablc two-stroke-cycle cngine still
awaits considerablec developments

Ostensibly the design of figures 16 and 17 can equally
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well te executed . as W or X type, as illustrated in the
German patent Wo. 515493 (expired). Eowever, the result
would be an eangine with irregular firing order or else si-
.multaneocusly firing cylinders. GConsequently, the advan-
tage of rapid-firing order and uniform torque of the two-
stroke-cycle method turns out to be very disadvantageous
if the engine is to be compact and simple: A blessing be-
comes a plague, :

In the design figure 38 (6~cylinder engine according
to fige. 17), the firing order is 12cab3; the setting is
45-90~45-45~90°; and the exhaust noise is accordingly ir-
regular. Mounting the cylinder blocks vertically on each
other, the firing order is 1(Rc)a(b3)1l; that is, regular
below 90°, but cylinders 2 and ¢ and b and 3 fire si-
multaneously., Again it becomes necessary to revert to
other design types - this time to single-run or multiple-
row radials, if compact multicylinders are desired. Before
discussing these important types, we shall touch upon sev~
eral pertinent factors closely connected with the arrange-
ment of the scavenging ductse.

As already pointed out, one particular advantage of
the XX engine is the absence of all difficulties as re-
gards the unse of different scavenge methods. The reason
for this is, that the scavenge ducts run along the cylin-
der parallel to the cylinder axis, as a result of which
they may be arbitrarily distridbuted over the cylinder
periphery, fitted with appropriate manifolds for the ports
and mounted according to wish and purpose. These possi-
bilities are severely circumscribed when piston-charge
pumps are used. because then the difficulties may make the
choice of scavenge method rather limited.

Ostensibly the most promising design, both from the
point of view of minimum pump-space clearance as well as
scavenge-duct design - that is, with axially parallel,
single~acting charge pump -~ is that shown in figures 7,
22, and 26, all of which employ the so-called "transverse-
scavenging method." In figure 18, where the scavenge
ducts are on both sides of the exhaust passages, these
conditions are evidently less favorable. The two scavenge
ducts, placed half-way around thec cylinder periphery, nust
be carefully rounded off and smoothed, thich means pains-
taking core making and expensive casting. For the double~
acting charge pump (figs. 16 and 17), the difficulties are
particularly great bDecause here pitch, slope, and more or
less successful rounding off follow each other in haphaz-
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ard fashion which in carburetor engines, leads to the for-
mation of condensation and r.p.m. dependence. Aside from
that, the external smooth appearance of the cylinder block
mast be preserved.

~ Figures 39 to 43 show combinations of figures 16 and
17, with differently arranged passages. When transverse
scavenging is resorted to, figures 39 and 40 afford com-
paratively simple passages. (See also dashed lines in
fig. 33.) TFigure 40 is superior to figure 39, with its
passages of even length. L

Figure 41 yields more difficult conditions which, how-
ever, may be ameliorated to some eptent by -artificially
raising the pitch and slope of both lines predetermined in
double~acting charge pumps in order to place the pipes
parallel to the cylinder axis. In short, the beneficilal
aspects of the crank-chamber engine must be copied as
closely as possible. These disadvantages do mnot exist in
the transverse scavenge design of figure 42. The scavenge
ducts lie between the two exhaust pipes. Aside from the
fact of improved.scavenging, the conditions are precisely
as favorable as with figures 7, 22, and 26

The disturbing factor of both exhaust pipes meeting
at an obtuse angle, may be removed by resorting to unlike,
yet rclatively very similar transverse-scavenge methods in
both working cylinders, as indicated in figure 43, The
left cylinder is scavenged according to figure 42, where-
ags in the right cylinder, each one of the two scavenge
flows describes a path on the order of a ram's-horn, some-
what as known from the Xrupp patent XYo. 519427 (1923).

Mounting cylinder blocks in V shape according to fig-
ures 39-43%, those of figures 39 and 40 are again the most
pleasing aad simple because figures 42 and 43 have four
exhaust pipes, while figure 41 suffers from the previously
discussed defects. Thus the transverse-scavenge method
proves itself to be a positively worthwhile solution, even
from the point of view of other than scavenge efficiency.,
and the investigation of the problems - merely touched
upon herein - teaches that a scavenge method considered
solely from the perspective of the processces occurring



22 HeA.C.A. Teghnical Memorqndum Hoe 776
7« SINGLE~ AND HULTIPLE-ROW RADIAL EXGINES

The design difficulties regarding firiag order and
mass balance discussed in the preceding section, are most
easily removed when mounting the dcsign types (figs. 7,
12, 156 to 18, 22, and 23) as radials, according to figurc
44. This automatlcally precludes the usc of the crank-
chamber pump, and the scavenge and charge volume must be
effccted through single- or double-acting charge pumps
mounted equiaxially with the working cylinders or clse
tarough onc or morc convonicntly arrangced rotary pumps at
the front.

Such a G~cylinder radial with nose turbocompressor
was proposed by Zoller as far back as 1911 (reference 4),.
The unsuitable turboblower was later replaced by a rotary
vane-type COmMPressors

A radial design built up according to figure 7 but
employing U-cylinders, is described izn Augustine's U.S.
patent To. 1623296 (1927); and with working cylinders de-
signed as U~cylinders, is found in Hirth's patent Mo,
386355 {1921) (expired). The advantagcs of the radial are
evidently the regular firing order, adcguatc mass balance,
even-lcngth scavonge ducts fcd from a central source, come
pact design length, and lastly, fairly recasonable manufac-
turing costs -~ for which recasons the two-strokc—-cycle radi-
al is of particular importance for aeronautical purposcs,

To assurc greatcr power units, thc desizgns of figurcs
- 16 to 18 may be arranged as radial or, prefcradbly, as X~
type. Apart from thc cxecellent mass balance therc is, how-
ever, the drawback that cylindors of different rows fire
simultancously. TFor tnat reason, the second row of a two-
row radial is set at 45° (fig. 45) with respect %to the
first rowe Simultaneous firing in such two~row radials

is only avoided when the number of cylinders is even, be-
cause with an odd number of cylinders, one cylinder of
each front and rear row face one another. With X- and V-
type four-row radials, the fully symmetrical four-throw
four-stroke shaft is preferably replaced by the Cadillac
crankshaft V 63 of the well-known 8-cylinder V engine
(fig. 46), because this shaft design - of itself afflicted
with the moments of the rotating and the moments of the
second order in coanjunction with the cvllnder rows set at
90° ana correspondingly designed additional masses (fig.
46) following the suppression of the moments of the first,
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"second, and fourth ordefs; and the free forces of the

first and second orders - appears superior to the fully
symmetrical shaft with its known forces of the -second or-
der. The added advantage here lies in the fact that the
simultaneous or multiple firing takes place in different
cylinder rows. ’ :

Admittedly, such designs call for rotary pumps in
front of or between the cylinders. The fact that a Teally
practical blower of this kind is so far unavailable, con-
stitutes the greatest drawback to all further development
of high—-speed, two~stroke—cycle engines, and it seems high
tinme for private concerns, as well as the State, to supply
the necessary means for developing blowers of high volumet-
ric efficiency at low re.p.m., which are capable of produc-
ing adequate pressures up to 1 atmosphere, and are reliable
even at 5,000 r.p.m., high isothermic and adiabatic effi-
clencies being assumed. The need for such a blower is just
as pressing for the multicylinder engine.

8. HNULTICYLINDER EJGINZ

It was already pointed out in section 6 that the in-
line design, with two single- or one double-acting piston=-
charge punp, according to figures 16-18, is practically
out of the question for wmore than two worlking cylinders,
The only possible multicylinder in-line type is that with
rectangular or oblique arrangement of single—-action, pis-
ton~charge pump, shown in figures 19 and 21 and described
in Prini and Berthaud's French patent Ho. 413126 (expired).
Even so, such an engine would be heavy and expensive -
bulky, with faulty force and moment balance. TWithout serv-
iceable rotary blower, the multicylinder in-line engine is
positively inconceivable.

In one engine of this kind (see Zoller's Freanch pat-
ent Tos 595651‘(eXpired) and nis Leb-1liter 6-~U-cylinder
racing engine, so much discussed lately), the arrangement
of the compressor or compressors in front has the drawback
of unequal volume of charge in the individual cylinders.
Since the scavenge ducts run straight past the cylinders,
the charging mixture shoots partly psast the  ju st-opening
cylinder, and that is so much more as the scavenge input
is greater and the scavenge and charging pressure is higher.
The cylinder fitted at the end of such a straight charging
duct has, as known, the greatest charge volume, whereas
the rest of the cylinders are more or.less starved,
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As a matter of fact, the design of the scavenge pres-
sure pipes is, as stressed ia section 6, nearly .always the
most A&ifficult problem. For an in-line engine, such as
Zoller's, it would therefore be Dbetter to pattern the de-
sign of compressors for charging every two or three WO rlke
ing cylinders, according to figure 12, fThis would insurc
an exactly cqual scavenge and charging process for the
cylinders fitted to the corresponding compressor which,
naturally, is so much more important as the cylinders are
more supercharged; otherwise, insurmountable charge and
heat difficulties wonld result. We shall not discuss otli~
er details at this time.

Other possibilities for high=-speed, in-line engines
are: five, six, or at the most, seven cylinders, All
shafts Dbeing partially svnmetrical '{only the crank star is
symmctrical), the balancing of the frec forces is exccl-
lent for the odd—numbecred crankshafts, although balancing
of the mass moments from the rotating and oscillating
massce is not afforded without auxiliary mezns as with the
G=¢ylinder crankshaft, in which the momeants, even for two-
stroke cycle, automatically disappear, at least with two
preferred shaft designs.

The best H—~cylinder crankshaft is that shown in fig-
ure 47, The firing order is: 1 52 3 4 or 1 4 3 2 5,
An cqually good cranltshaft is obtained when interchanging
throws 4 and 5 and 2 and 3, 'The balancing of the frec
forces is given up to the cighth order.

The S=cylinder crankshaft manifests two promising do-
signs (figs. 48 and 49), in which the moments resulting
from the rotating and oscillating masses of the first or-
der disappear, whilc the freec forces up to the fourth or-
der arc compensated, The firing crders are: 1 6 2 4 % 5
and 1 5 3 4 8 5 (fige. 48) and 1 6 3 2 5 4 and 1 4 52 3 6
(fig. 49).

The 7-cylinder crankshaft appears to be alrcady af-
flicted with too many cylinders when compared with tae
satisfactory qualities of the 6=cylinder shaft - qguite
apart from the fact that the tendency to torsional vidra-
tions increases, and partially symmetrical cranlkzshafts arc
norc cxpensive to manufacture. The compeansation of the
free forces haos here already procceded to the twelfth or-
der, while the moments of the rotating and oscillating
masscs of the best crankshaft design (fig. 50) with firing
order of 1 6 53 2 7 4 and 1 47 2 3 5 6 are about six
times smaller than for the five-throw shaft of figure 49
(roference 5).
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9., CONCLUSIONS

Owing to the great number of viewpoints governing the
design of two—stroke—~cycle engines, a comprehensive survey
is practically impossible. For this reason, we shall at-
tempt to correlate at Jeast the princ1pa1 *actors.

To begin with, there is a deep underlying dlfference
between the two=stroke-cycle and the four-stroke-cycle en-
gines, due to the fact that the former - in contrast %o
the latter - is, and will remain for divers reasons, an
engine with comparatively few cylinders. The chief rea-
sons lie in the rapid-firing order and in difficulties en-

countered -up to the present time with supnlylng the scav-
" enge and charge volume Somewhat exaggerated, the two-
stroke-cycle engine is, thus, a type of design which by its
very nature, "is neant to be disposed with moderate mass
balance. Moreover, the trends of development being rather
indefinite, the designer faces new problems with every new
design, for the solution of which any experience gained
previcously is of less use than when it pertains to the de~
sign of a four~stroke-~cycle engine., The consequent result
is a round-about development rather than one in a definite
direction, as proved by the literature and the ‘innumerable
design propositions never actually tried out.

Separating the "wheat from the chaff" it may be stated
that?t The two-stroke—-cycle engine with crank-chamber pump
is today an economical and, for small, simple engines with
one to three in-line cylinders and a displacement up to
350 cm® per cylinder, an excellently suitable design type.
Apart from poor idling, whose amelioration constitutes its
chief drawback, it affords everything within reasonable
expectation. TFor cheap everyday motor transportation,
this design - say, with threc in-linec cylinders and about
l-liter displacement - is the best suitadble power plant.

In the version with opposed auxiliary piston (figs.
"3, 14, and 15) with symmetrical or, better, unsymmetrical
phase diagram, this design executed for two cylinders -~
up to 750 cm3 - is excellent for hlgA—rowereu enZines,
_Wherebv theoretical scavenge 1nputs up to l.5 for sport
“cars, and Bti1ll" higher figures for high~-powered engines,
come into account. ' ‘

The single~acting, plston—cnarge pump for 1- or Z—CJl—
1nder engines (flg».'7, 18, and 23), concerns chiefly

’
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diesel or fuel-injection engines. The design (fig. 18) as
2« or 4~cylinder V engine, or even as multicylinder in-
line engine, is superior to that of figure 186 or 17, for
reasons of charging and better mass balance. Lastly, an
ingenious solution is represented in figure 23, while
right- or obligne-angle offsetting of charging cylinders
is of primary interest with U-cylindcrs set athwart the
crankshaft. But the fundamental value of the arrangcments
with single—~acting, plston-charge pumps lies, as alrecady
stated, in the possibility of single—~row and multiploe-row
radial designs ~ perhaps according to figure 45. The ef-
fective scavenge input for commercial cngines should not
exceed O.7 with symmetrical phase diagram, and 1.0 for
sport engines; with unsymmetrical phase diagram, it should
not exceed 0.90 and 1,25, respectively. Supercharged en-
gines, of course, may involve subsfantially higher figures,

The use of a rotary pump very nearly voids all design
difficulties in comparatively simple fashion, In-line en-
gincs with very good mass balancc, or short V- or X-types =~
single- and double-row radials, respectively, can then be
designed; the first partly with several simultaneously
firing cylinders, the latter with regular firing order.
Besides, the charging and scavenging process involves no.,
difficulties. The multicylinder, the best of which - the
G-cylinder in~line engine with rotary bdlower, especially
in conjunction {(as suggested in section 8) with several
compressors as in figure 12 - is, next to the in-row radi-
als (fig. 45 or 46), the best possible solution of a high-
speced, two-stroke~cycle cngine. But the in-line design
has, so long as no asymmetrical phasc diagram is obtainabdle
otherwise, in more reliable manner, the added advantage of
being usable in the U~cylinder version without difficulty.,
Junkers! excclleont design, as well as its chief drawback,
has already been discussed. A similar twin-3haft design
with rotary blowers which assurec very high Tepems, is becing
brought out by the English firm, Jameson Engine Company (ac-
cord;ng to Allgemelne Automobilzeitung, Noe 24, June 16,
1934 . :

The yet-to-be-developed blower must have the volumet-
ric efficiency of a good, four-stroke~cycle suction stroke
between 0 and 1,500 rep.ms, and above that, the efficiency
of a satlsfactory rotary vane-type supercharger. It must
also allow for r.pems as high as 5,000, and the isothermal
efficiencies should not drop more than 35 percent even at
low back pressurcs and high r.pems The most economical op-
cration with free exhaustion should lic around 800 r.p.me,
and with rising back pressurc the best cconomical operat-
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ing point should so shift that the best operating point
£6r each 0.1 kg/cm?® preéssure rise lies approximately 300
“TepPeile nNigher. XHNot one of the prescnt- day compressors
_mcets these requircments.

Finally, the question may be asked, what the futurec
role of the high-speed, four-stroke—~cycle ecngine will be
with the further development of the two-stroke-cycle cn-
ginc. At present, the four-stroke-cyclec cngine Jjustly oc-
cupics the range beyond the one-liter swept volume. It
may be assumecd that it never will be completely superscdcd
within the range betweon l.2 and 2.5 liters, espccially
not in ‘the form of the four-stroke-~cycle design, which is
scarcely more expensive than an equivalent two~stroke-
cycle engine, but with better idling and greater economy,
fitted with floating suspension which has come into use
witlhrin the last few years. It may therefore Dbe assumed
that the high~gspeed, two—-gtrolke~cycle engine will occupy
the range of small and high performance, whereas the four-
stroke—-cycle engince will rule the rangce of the intcrmedi-
ate power ouwuwputs and requiromentg, which arc characterized
by smooth runninge. :

With high~speed, two-stroke injection engines, the de-
velopment of which should be pursued intelligently and con-
sistently, the uce of design a) - the single crank—-chamber
pump - is precluded because of the necessarily high air in-
put. With the consistently increasing use of wood gas,
wihich lends itself particularly well to the two-stroke ecy-
cle, the design types b) and e) to i) are inapplicable be-
cause of the fouwling of the crank chamber. The develop—-
ment of a blower with the requisite qualitics outlined in
section 7, is therefore, from this point of view, also the
nost urgent factor in cenginc design.

Translation by J. Vanier,
Wational Advisory Committce
for Aeronauvticse.
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